In order to contribute to the knowledge of the chemical constituents and bioactivity of lichens from Colombian páramo region, methanolic extracts of Lobariella pallida and Stereocaulon strictum var. compressum were submitted to phytochemical and cytotoxic studies. Lobariellin (methyl 3-formyl-2,4-dihydroxy-5,6-dimethylbenzoate) (1), along with methyl orsellinate (2) were isolated from the Lobariella pallida. The active constituents namely porphyrilic acid (3), methyl haematommate (4), methyl β-orcinolcaboxylate (5) and atranorin (6) were isolated from the Stereocaulon strictum. The structures of 1-6 were determined by analysis of their spectroscopic (NMR, IR, UV) and spectrometric data. In addition, the structures of 1, 2 and 3 were unequivocally corroborated by single-crystal X-ray diffraction studies. Neither methanol extracts nor compounds 1, 3, 4 and 6 were cytotoxic to the normal (HaCaT) and transformed (MCF-7, HeLa, K562, PC3) mammalian cell tested, which could be indicative of a possible innocuousness and be helpful in other biomedical usefulness.
Introduction
Lichens are symbiotic organisms formed by association between a fungi (mycobiont) and one of more photosynthetic partners (photobiont), such as an alga or a cyanobacteria 1 . As a result of this association, lichens biosynthesize characteristic secondary metabolites of fungal origin, often in remarkably large quantities.
Most of these, are unique to the lichenized condition and do not occur in non-lichenized fungi or higher plants 2 . These substances, include simple phenolics, debenzofurans, depsides and depsidones, presumably produced for their own protection against environmental stress like harmful UV radiation, desiccation, pollution, herbivores depredation, plant competitors and microbial infections 1, 2 . The lichens are among of the hardiest organisms and thrive in some of the harshest environments. In addition, a plethora of interesting and useful biological activities, such as antibiotic, herbicide, antiviral, cytotoxic, antioxidant, analgesic and antipyretic, inter alia, have been shown by both lichens and their substances 3, 4 . For that reason, these symbiotic organisms are an original source of bioactive substances with an increasing research in the last years. Colombia occupies the first place worldwide in abundance of páramo region and one of the first places in lichen diversity 5, 6 nevertheless, their studies have been very scarce. In order to isolate the chemical constituents of these poorly studied organisms, lichens from
Colombian páramo region Lobariella pallida and Stereocaulon strictum var. compressum were submitted to phytochemical study.
Owing to some lichen extracts and constituents have shown promising antitumoral and antiproliferative properties in different cell systems 3, 4 this activity was determined in the pursuit of possible antitumoral leads from these lichens. Linares.
Materials and methods

Lichen material
Ethics statement
Lichens were collected under permit 13 (August 24 th 2009) from the Colombian Ministry of Environment, Housing and Land Development.
General experimental methods
The solvents were analytical reagent. 
Extraction and isolation of constituents
Air-dried L. pallida (106.8 g) and S. strictum var. compressum (284. 
Crystallography
Molecular structures of compounds 1, 2, and 3 were analysed by Xray diffraction methods following a similar procedure. For each sample, crystals were mounted, in air, on glass fibers. X-ray data were collected on a Bruker Smart APEX AXS CCD area detector with a graphite monochromator and Mo K radiation (=0.71073 Å)
by the -scan method. The observed reflections were corrected for Lorentz and polarization effects. The structure was solved using direct methods with SHELXTL software package 10 and refined on F2
by full-matrix least squares with anisotropic displacement parameters for all non-hydrogen atoms. The geometry of the molecule was calculated using the WinGX 11 and PARST 12,13 software. and NaHCO3/Hepes (1 M). All cultures were maintained in a humidified incubator (37°C) under CO2 atmosphere (5%).
Crystal data for compound
Cell viability assay
Lichen extracts and compounds were dissolved in DMSO and serially diluted in DMEM or RPMI to obtain different concentrations The IC50 values were calculated from concentration vs %Cell viability curves by the GraphPad Prism version 5.00 software 16 .
Statistical analysis
Results were expressed as mean ± standard deviation (SD) of a minimum of three replicates. Statistical analysis between experimental results was based student´s t-test. Significant difference was statistically considered at the level of p<0.05 or p<0.01 or p<0.001.
Results and Discussion
Lobariella pallida and Stereocaulon strictum var. compressum were submitted to a phytochemical study in order to know their chemical constituents. Additionally, the cytotoxicity of both extracts and purified compounds, against a panel of normal and transformed cells was also determined. The epiphytic L. pallida and the epilitic S.
strictum var. compressum, were collected at Sumapaz páramo in Bogotá, Colombia. Both lichens were identified through examination of anatomical and morphological features 7, 8 .
Methanolic extracts were obtained by direct sonication, individually fractionated and separated by a combination of column chromatography and re-crystallization techniques to get lobariellin (1) (0.41 %) and methyl orsellinate (2) (13.72 %) from L. pallida (Fig 1) .
The porphyrilic acid (3) (0.98 %), methyl haematommate (4) (3.67 %), methyl β-orcinolcaboxylate (5) (1.89 %) and atranorin (6) (1.84 %) were isolated from the S. strictum (Fig 1) . We first documented the Lobariellin (1) present in L. pallida as one of its constituents. Its chemical structure was determined by means of spectroscopic and spectrometric methods, whereas the identity of 2 to 6 was determined by comparison of their experimental spectroscopic data with published data 17, 18 . (Table 1) a: H-8 to C-3, C-2 and C-4 and b: H-10 to C-6, C-5 and C-1, it was concluded a β-orcinol pattern. Thanks to correlations from H-9 to C-5 and C-4, the remaining methyl on the aromatic ring was established, and to correlations from H-11 to C-7, the methyl ester was established as well.
Fig 1: Structures of isolated compounds
Since previous information about 13 C NMR for porphyrilic acid (3) was not found, it is reported here for the first time (section 2.3.1).
The structure of lobariellin (1) . In order to confirm this, the same extraction process but using acetone, was conducted on a new lichen sample and the resulting extract was then analysed by HPTLC using 1 as standard. Due to the extract presented the same profile at both conditions with spots corresponding to 1 (Rf = 0.92, elution system G) ( Figure 5 ), it was concluded that it is a natural substance.
Lobariellin has been obtained during the synthesis of pseudocyphellarin A
20
, but in the present study it has been isolated as a natural substance, therefore it is possible that it is its biogenetic precursor.
Stereocaulon (Stereocaulaceae) is a genus with a low chemical diversity. Atranorin, methyl β-orcinolcarboxylate, atranol, methyl haematommate; and stictic, lobaric, porphyrilic, fumarprotocetraric, perlatoric and norstictic acids are some constituents for Stereocaulon 8, 21, 22 . Previous TLC profiles exhibited the occurrence of porphyrilic acid (3) and atranorin (6) in S. strictum var. compressum 8 .
In present investigation porphyrilic acid (3) and atranorin (6), methyl haematommate (4) and methyl β-orcinolcarboxylate (5) were isolated from the S. strictum.
In the pursuit of possible antitumoral leads from S. strictum and L.
pallida the cytotoxic potential of extracts and purified compounds 1, 3, 4 and 6 was determined using cis-platin as a positive control (Table 2 ). Due to differential cytotoxicity against normal vs.
transformed cells is an useful attribute for antitumour agents, a panel of normal (HaCaT) and transformed mammalian cell lines (MCF-7, HeLa, K562 and PC3) was included. Cells were exposed to several concentrations of extracts or compounds and after that, cell viability was measured by the MTT method 15 . Results are expressed as the means ± SD from three independent experiments. SD: standard deviation. Nd: not determined
Although the cytotoxicity of methyl orsellinate (2), methyl β-orcinolcarboxylate (5) and atranorin (6) against MCF-7, HeLa and K562 were not determined in this study, previous reports have confirmed their activity against these and other cell lines 4, 18, 24, 25 emphasizing their potential as anticancer compounds.
Due to extracts and isolated compounds were no cytotoxic in this study, particularly against HaCaT, it may be indicative of their possible innocuousness as dermatological agents if other activities (i.e. antioxidant, anti-aging or photoprotective) might be found on them, which is possible given the diverse biological activities reported for lichen substances.
Conclusion
This is one of the first original contributions about the chemistry and bioactivity of lichens from Colombian páramo region. Although extracts and compounds exhibited no antitumor potential in the tested cell lines, their possible bioactivity in other models cannot rule out.
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